Background. Multiple sclerosis (MS) disease course is known to be adversely affected by several factors including stress. A proposed mechanism for decreasing stress and therefore decreasing MS morbidity and improving quality of life is meditation. This review aims to critically analyse the current literature regarding meditation and MS. Methods. Four major databases were used to search for English language papers published before March 2014 with the terms MS, multiple sclerosis, meditation, and mindfulness. Results. 12 pieces of primary literature fitting the selection criteria were selected: two were randomised controlled studies, four were cohort studies, and six were surveys. The current literature varies in quality; however common positive effects of meditation include improved quality of life (QOL) and improved coping skills. Conclusion. All studies suggest possible benefit to the use of meditation as an adjunct to the management of multiple sclerosis. Additional rigorous clinical trials are required to validate the existing findings and determine if meditation has an impact on disease course over time.
Introduction
Multiple sclerosis (MS) is one of the most common chronic neurological diseases, affecting between 1 in 500 to 1 in 1500 people in Australia, Europe, and America [1, 2] . The condition is characterised by neuronal demyelination and inflammation, leading to axonal injury as the disease progresses [2, 3] . MS has several forms, the most common (70-80%) being relapsing-remitting. Other forms include primary progressive, secondary progressive, relapsing progressive, and benign [4] . MS has a typical onset between 20 and 40 years of age, having a significant impact on quality of life (QOL) over the duration of the disease. The disease manifests with a range of physical and neurological symptoms [5] including sensory loss, optic neuritis, motor weakness, diplopia, and limb ataxia [6] , as well as an increased risk of stress, anxiety, and depression [7] . MS is considered incurable; however, many strategies exist to help manage symptoms and alter the disease course including pharmacological agents, lifestyle risk factor modification, rehabilitation, and psychosocial support all of which have varying efficacy [8] .
Although meditation in all its forms has been around for centuries, interest in the practice as a medical treatment in the Western world has been more recent. The interest was particularly sparked by Kabat-Zinn's research into mindfulness meditation suggesting that meditation could be a useful tool for treating chronic pain [9] .
Meditation is a term that encompasses a wide range of techniques such as mindfulness-based meditation (including mindfulness-based stress reduction (MBSR) and mindfulness-based cognitive therapy (MBCT)), mantra meditation (including transcendental and clinically standardised meditation), and many more [10, 11] .
In its various forms, meditation has been shown to be associated with symptom reduction in medical and psychiatric conditions, electroencephalography (EEG) changes, and beneficial structural brain changes on neuroimaging with long term use [11] [12] [13] [14] [15] [16] [17] . While meditation has been shown to moderate stress, anxiety, and depression, studies have often been poorly designed, with biased patient selection, poor controls, and small sample sizes among other deficiencies detracting from the credibility of the literature [18] . MS is associated with significant rates of depression [7, [19] [20] [21] , anxiety [22] , stress, chronic pain [23, 24] , and fatigue [25] which are often important predictors of QOL [7, 26] . Stress and other mental health-related comorbidities appear to play a role in increasing relapse rates and decreasing QOL in MS [27, 28] .
Yet, few studies have examined the effect of meditation on mental health outcomes or QOL in MS, despite its great potential benefit.
This integrative review aims to examine the existing peerreviewed literature on the use of meditation in MS to reduce depression, anxiety, stress, chronic pain, and fatigue and whether meditation can lead to improved QOL for those with MS.
It also aims to gather evidence on the effectiveness of meditation as secondary prevention for MS morbidity. Finally, it aims to identify gaps and limitations in the current literature.
Methods
This review of literature published prior to March 2014 was undertaken using PubMed, PsycINFO, the Cochrane library, and Google Scholar. Search terms used were multiple sclerosis, MS, meditation, and mindfulness (all were searched as MeSH terms). The Boolean operator term OR was used to search [mindfulness OR meditation]; these results were then combined with the Boolean operator term AND to search [(mindfulness OR meditation) AND (multiple sclerosis OR MS)].
Articles which cited a key randomised controlled trial by Grossman et al. [29] were searched on Google Scholar. Only English language articles were included; no other limits were set.
Primary literature was selected only if the patient sample had MS and the assessment of mindfulness or another form of meditation (hypnoses and complementary and alternative therapies were excluded) was examined in the study, including both observation and intervention studies. Intervention studies were accepted regardless of whether or not there was a control group. In the context of an integrative review, all qualitative and quantitative research was selected (assuming it met the criteria above) regardless of whether validated tools were used to measure outcomes or not. In studies where MS and another medical condition were examined, measures specific to the MS group were reported, where possible.
The reference list of all studies that were accepted for the review was analysed to see if there were any additional relevant papers that had not been found using the search methods above.
All search results were reviewed by a single reviewer (AL) to determine relevance to the criteria; included papers were then reviewed by a second reviewer (EH) and any discrepancies were resolved by a third reviewer (TW). The assessment of intervention and observation studies was guided by the PRISMA guidelines [30] and the STROBE guidelines [31] , respectively. Selected papers were summarised in Table 1 , highlighting study type, study focus, methodology, participant information, control details (if applicable), outcomes, and limitations.
Results
Using the search criteria 19 results were found on PubMed, PsycINFO, and the Cochrane library and 9030 results were found on Google Scholar. The first seven pages of Google Scholar articles were scanned to find relevant articles. There were also 72 articles which cited Grossman et al. [29] on Google Scholar.
Using the selection criteria 12 pieces of primary literature were selected to be included in the literature review. Of these, two were randomised controlled trials [29, 32] , four were cohort or pre-and postinterventional studies [33] [34] [35] [36] , and six were surveys [37] [38] [39] [40] [41] [42] (Table 1) .
Randomised Controlled Trials.
Grossman et al. conducted a randomised controlled trial of 150 patients residing in Switzerland with relapsing-remitting or secondary progressive MS. Cases were assigned: one 2.5 hour session of mindfulness meditation a week for eight weeks, a one-day seven-hour session, and 40 minutes of meditation homework daily. Controls continued their usual care. High attendance rates and low dropout rates were reported for the intervention group. It was found that, using validated self-report measures, the meditation group had significant improvements in QOL and significantly lower rates of fatigue (MFIS), depression (CES-D), and anxiety (STAI) when compared to the control group [29] after intervention and at a six-month followup. This trial was soundly constructed and provides reliable evidence that meditation may have a beneficial effect on QOL and mental health-related comorbidities [43] . The major limitation of the study was the lack of a sham control group, which meant that the "self-efficacy effect" may have influenced the results [44] .
Mills and Allen conducted a randomised controlled trial on patients with secondary progressive MS, with 12 participants randomised to the meditation group and 12 to the control group. The meditation group received an hour of one-on-one meditation sessions for six weeks as well as handouts, tapes, and written material. The control group continued on normal therapy. At the completion of the mindfulness course and at three months after intervention, self-reported MS symptoms were found to have significantly improved in the intervention group. Each participant also had a relative or a friend assess their symptoms before and after intervention and significant improvements were also noted with that measure. Given the small size of the study and a relatively large dropout rate, the results must be treated with caution. Additional limitations include not having any sham control and follow-up being limited to three months [32] .
Pre-and Postintervention
Studies. In a longitudinal study, Hadgkiss et al. and Li et al. found that a five-day live-in course which focussed on lifestyle modifications including diet, sunlight exposure, exercise, and meditation improved physical and mental HRQOL compared to baseline; effects were followed and found to be significant at one, two and Neurology Research International 7 a half, and five years after the course was completed [33, 34] . While it was conducted thoroughly, the effect of, and adherence to, meditation specifically was not differentiated from the other program recommendations. The study would also benefit from being repeated with a control group. Tavee et al. performed an intervention study of meditation in MS patients, with the intervention group undertaking weekly meditation classes for two months and control subjects receiving standard care. It was found that those who participated in meditation had significantly less pain, improvements in cognitive and psychosocial aspects of fatigue, and improved QOL after intervention but no statistically significant change in mobility. The study was limited by a small sample size (less than 20 patients with MS), lack of long term follow-up, and lack of a sham control group. Furthermore, it was not randomised meaning that those who chose to be in the meditation group may have had an increased perception of the beneficial effects of meditation [35] .
Pritchard et al. conducted a study which demonstrated decreased stress compared to baseline after a six-week meditation course. Stress was assessed on a validated scale and shown to significantly decrease after the course, suggesting an association between meditation and decreased stress levels in MS [36] . The study was limited by a small sample size (only 12 MS patients), no control group, and lack of long term followup.
Surveys.
In a survey of over 3000 MS patients conducted by Nayak et al., it was found that 12% of the survey responders had tried meditation, with modest efficacy (determined by a self-reported five-point scale of reduction in perceived disease severity) [37] . Participants reported pain, overall symptoms, and fatigue as the top three issues that meditation was helpful for. This is one of the largest studies of its type and probably represents the best estimate of meditation use in MS in the Western world. Berkman et al. found that 22.9% of survey responders had tried meditation, reporting benefits of stress relief, relaxation, lower fatigue, strengthened immune system, and, interestingly, slower disease progression [38] .
In an online survey of 2529 patients with MS, which looked at a range of issues relating to the disease, Simmons et al. found that 9% of respondents had ever practised meditation and reported that it improved their MS. Interestingly, a small number of respondents (0.2%) reported that meditation worsened their MS symptoms [40] .
In another large online survey Skovgaard et al. also found that 5% of responders had used meditation in the previous 12 months to help treat their MS symptoms. The survey found that respondents who had tried any form of complementary or alternative medicine were most likely to be females aged between 18 and 40 years old, which was not surprising given this is a significant proportion of the MS demographic. It was also found that meditators were more likely to have been university-educated and have a higher income [39] .
Senders et al. undertook a cross-sectional survey examining trait mindfulness and its effect on various outcomes, all assessed using validated tools. They found that having a mindful disposition (as assessed by the Five Facet Mindfulness Questionnaire (FFMQ)) was significantly associated with decreased perceived stress (model accounted for 25% variance), increased resilience (44%), increased adaptive coping (11%), decreased maladaptive coping (29%), and higher mental health QOL (20%). It should be noted that participants FFMQ scores were independent of whether they had participated in formal meditation practice or not, and as such the variation in the above mentioned scores cannot be solely attributed to participation in meditation [42] .
In a mixed methodology study, incorporating a survey of attendees at an MS congress and focus group of attendees at a "complementary therapies and MS" workshop, conducted by Esmonde and Long, 25% were found to have participated in relaxation and meditation activities in the previous 12 months. Reported benefits included improved sleep, reduced spasticity, easing of muscle tension, and increased sense of well-being. Relaxation and meditation were reported to be at least somewhat helpful in relieving MS symptoms, with over a quarter rating it as extremely helpful. Participants in the workshop may have been more likely to ascribe benefits to the practice of relaxation and meditation as they may have been more open to trying nonpharmacological therapies. The study was also limited by the use of a nonvalidated survey and having participants discuss their experiences in small groups rather than individually, which may have led to unease discussing personal experiences, especially if they were negative. Nevertheless, the reports of benefits for some patients are an indication that meditation may be a useful augmentative treatment in MS [41] .
All the above mentioned surveys had limitations. A common limitation was that of participant selection. Surveys were sent to large cohorts and were voluntarily-completed leading to a selection bias as patients who had tried meditation and found it effective may have been more likely to commence and complete the surveys. Furthermore, results were limited by the self-reporting nature of surveys, which could have been biased by poor recall or under-or overestimation of responses. Some useful analyses within these papers did not distinguish meditation from CAM therapies, thus limiting the interpretation of findings.
In some surveys it was difficult or even impossible (in the case of online surveys) to verify the MS diagnosis [37, 39, 40] . Additionally, many of the survey populations were limited to one or two countries [37, 39, 41, 42] , meaning that the findings may not be generalisable to the larger population of patients with MS.
Some of the studies did not employ validated instruments, so the reliability and validity of results are not clear [37, 40, 41] . Additionally, some surveys had a small sample size [41, 42] , which limited reliability and statistical precision of the findings.
Finally, all of the surveys were cross-sectional from which causation or change over time cannot be deduced.
Discussion
The literature shows that stress plays a significant role in MS pathogenesis and progression. Past studies have found that 85% of MS exacerbations were associated with stressful life events, strongly suggesting a link between stress and disease 8 Neurology Research International course [46] . Further, multiple meta-analyses and systematic reviews have found that while there are other factors that contribute to morbidity, such as viral infections, stress plays an important role in the number of relapses patients with MS experience and is often underrecognised [27, 47, 48] . Mohr et al. demonstrated that stressful life events were associated with new brain lesion formation (assessed with MRI) four to eight weeks after a moderate stressor [49] .
Cortisol, which is released by the hypothalamic pituitary axis in response to stress, is often chronically elevated in MS patients. As a result of chronically increased levels of cortisol, it has been proposed that MS patients form resistance to the hormone and as such do not benefit from the normal antiinflammatory effects of the hormone, which would otherwise help to allay their symptoms [50] .
Meditation has been shown to decrease cortisol levels and improve sleep for both novice and experienced meditators. Given that cortisol plays a key role in stress modulation, the results suggest that the beneficial effects of meditation may operate partly through this mechanism [51] . Additionally, meditation has been shown to be associated with activation of the prefrontal cortex and the anterior cingulated cortex, which are areas of the brain associated with concentration as well as altering EEG tracings in many medical conditions [14] . These changes are associated with decreased levels of stress.
Given that stress has been shown to be implicated in relapses in MS [46, 49] and that meditation has been shown to relieve biological markers of stress [14, 51] it is reasonable to hypothesise that meditation may have a direct impact on MS disease course through its effect of modulating the stress response, although this has not yet been studied in detail.
Because stress and depression affect QOL in people with MS and may lead to disease exacerbation [46] , there has been interest in methods of reducing stress in MS [52] , including meditation. There have been systematic reviews on the effects of meditation as well as other "mind-body interventions" on disease course in MS as well as other neurological conditions [53] [54] [55] , including a recent systematic review looking at the use of meditation in MS specifically [56] . This latter systematic review however considered only randomised controlled trials; given the paucity of these in the literature, the review may therefore be considered to have too narrow a focus. Integrative reviews in contrast take a broader view including qualitative and quantitative research as well as discussion papers and grey literature [57] . Given the difficulties in conducting randomised controlled trials in this area, the broader approach we have adopted is necessary to better synthesise current knowledge and help develop a more realistic view of the effects of meditation on MS. Integrative reviews on meditation as a therapeutic technique in MS have been lacking, thereby warranting the present review.
Our review shows that a substantial proportion of people with MS either have tried meditation or meditate regularly. The available body of research has consistently found meditation to be of benefit to those with MS, with very few or no harmful side effects.
Despite weaknesses in the evidence base, meditation appears to have important benefits in improving QOL as well as potential benefits for the management of pain, stress, fatigue, and depression risk in people with MS. There is currently however limited evidence to suggest that meditation has an effect on relapse rates or other markers of disease course, although it is biologically plausible and this may be shown to be true in future better-designed studies.
Limitations of the Review. Given that meditation is an umbrella term for many different practices, there was a degree of heterogeneity between studies making it difficult to directly compare between different cohorts. Many studies had limitations, most notably self-reported outcomes, failure to use well-validated tools, and, in the case of randomised controlled trials, the absence of sham intervention. The literature review was further limited by a small number of primary resources directly relating to meditation and multiple sclerosis. Finally, only English language literature was included.
Despite these limitations, overall the evidence supports a beneficial effect of meditation on symptom management and QOL among people with MS. It seems that meditation may have an important role to play in the integrated management of MS. Further studies on meditation in MS are required, preferably randomised controlled trials utilising some sham form of therapy.
Conclusions
MS is a disease which can have significant negative effects on QOL. MS is associated with a higher risk of depression, anxiety, stress, chronic pain, and fatigue, and stress has been shown to worsen MS course.
Meditation has been investigated as a possible beneficial intervention for stress and symptom relief for people with MS. The current literature suggests a beneficial effect of meditation in MS, particularly QOL; however, further research is needed to better understand the potential for meditation as an adjunct to the management of MS.
